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(54) Power steering apparatus having an easily adjustable counter force mechanism 



(57) A power steering apparatus in which an adjust- 
ing operation tor an orifice (80), which is provide to opti- 
mize a steering characteristic, can be easily performed. 
A rotary control va^fy (23) controls an amount of work- 
ing oil to be supplied to a power assist cylinder (24) in 
response to a relative rotation between an input mem- 
ber (25) and an output member (27). A counter force 
mechanism (22), provided in the rotary control valve, 
includes a counter force plunger (57a-57d), a hydraulic 
pressure counter force chamber (56) located on an 
outer side of the counter force plunger and an inside 
chamber (58) located on an inner side of the counter 
force plunger. The counter force mechanism (22) pro- 
vides a counter force to the input member (25) by a 
pressure difference between a pressure of the working 
oil in the hydraulic pressure counter force chamber (56) 
and a pressure of the working oil in the inside chamber 

(58) . A hydraulic pressure control valve (23) is attached 
to the rotary control valve. The hydraulic pressure con- 
trol valve includes a counter force mechanism port (61) 
through which the working oil is supplied to the counter 
force mechanism (22). A connection passage (75) con- 
nects between the inside chamber and the counter 
force mechanism port. The orifice (80) is provided to a 
part (74) of a connection passage (75) located in the 
hydraulic pressure control valve (23). 



fig. 5 




Printed by Xerox (UK) Business Services 
2.15.8/3.4 



<EP 081B380A2_I_> 



1 



EP 0 818 380 A2 



2 



Description 

BACKGRO UND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention generally relates to a power 
steering apparatus and. more particularly, to a power 
steering apparatus which provides optimum steering 
feel by varying a torsion torque of a torsion bar by a io 
counter force mechanism. 

2. Description of the Related Art 

Generally, a power steering apparatus provides a 75 
turning operation of a vehicle with a small operational 
force by providing a working hydraulic oil to a power cyl- 
inder by a rotary control valve. The hydraulic oil is pro- 
vided in response to a relative rotation of an input 
member and an output member which are connected to 20 
each other by a torsion bar. The input member is con- 
nected to a steering wheel, and the output member is 
connected to wheels to be steered. 

When the vehicle is stopped or moving at a low 
speed, a light steering operation is preferred. On the 25 
other hand, when the vehicle is moving at a high speed, 
a heavy steering operation is preferred so as to improve 
straight line stability. Thus, a power steering apparatus 
of a so-called vehicle speed sensitive type is provided 
which controls heaviness of steering operation in 30 
response to vehicle speed. 

The vehicle speed sensitive type power steering 
apparatus has a counter force mechanism which pro- 
vides a counter force to the relative rotation of the rotary 
control valve. The counter force mechanism is provided 35 
with a counter force plunger located in a hydraulic pres- 
sure counter force chamber formed in a part of the out- 
put member. The counter force plunger is moved when 
working oil is supplied from a hydraulic pump to the 
hydraulic pressure counter force chamber. The counter 40 
force plunger presses the input member, and thereby a 
steering counter force can be provided. 

Additionally, a hydraulic pressure control valve is 
provided between the hydraulic pump and the hydraulic 
pressure counter force chamber. The hydraulic pres- 45 
sure control valve controls the amount (pressure) of 
working oil supplied to the hydraulic pressure counter 
force chamber in response to vehicle speed. Specifi- 
cally, the hydraulic pressure control valve is controlled 
so that the amount of working oil to be supplied to the so 
hydraulic pressure counter force chamber from the 
hydraulic pump is decreased when the vehicle is mov- 
ing at a low speed. On the other hand, the hydraulic 
pressure control valve is controlled so that the amount 
of working oil to be supplied to the hydraulic pressure ss 
counter force chamber from the hydraulic pump is 
increased when the vehicle is moving at a high speed. 

Accordingly, when the vehicle is moving at a low 



speed, a pressing force exerted on the input member by 
the counter force plunger is decreased and a steering 
effort is decreased since the amount of working oil sup- 
plied to the hydraulic pressure counter force chamber is 
decreased. On the other hand, when the vehicle is mov- 
ing at a high speed, the pressing force exerted on the 
input member by the counter force plunger is increased 
and the steering effort is increased since the amount of 
working oil supplied to the hydraulic pressure counter 
force chamber is increased. 

FIG.1 shows a hydraulic circuit of a conventional 
power steering apparatus. FIG.2 is a cross-sectional 
view showing a state where the power steering appara- 
tus is cut at a position of a counter force plunger. In each 
figure, 1 indicates a rotary control valve comprising an 
input member 14 and an output member 15; 2 indicates 
a hydraulic pressure control valve which is controlled in 
accordance with vehicle speed so as to supply working 
oil to a hydraulic pressure counter force chamber 7; 3 
indicates a counter force plunger which generates a 
hydraulic pressure counter force by pressing the input 
member 14; and 4 indicates a hydraulic pump. Addition- 
ally, 5 indicates a reservoir which stores working oil and 
6 indicates a fixed orifice which is provided to adjust the 
amount of working oil to be supplied to the hydraulic 
pressure counter force chamber 7. 

The hydraulic pump 4 suctions the working pres- 
sure from the reservoir 5. and pressurizes and delivers 
the working oil to a large flow pipe 8. The large flow pipe 
8 is connected to the rotary control valve 1. Thus, the 
working oil which was pressurized by the hydraulic 
pump is supplied to the rotary control valve 1 . In the 
rotary control valve 1 , the working oil is supplied to a 
power cylinder (not shown in the figures) in response to 
the relative rotation between the input member 14 and 
the output member 15. Thus, a power steering assist is 
provided to the steering effort. Additionally, the working 
oil discharged from the rotary control valve 1 is returned 
to the reservoir 5 via a large flow pipe 9. 

A branching point A of the large flow pipe 8 is con- 
nected to a branch pipe 10. The branch pipe 10 is pro- 
vided with the hydraulic pressure control valve 2 and the 
orifice 6 in a serial state in that order from the upstream 
side of the flow of the working oil. An end of the branch 
pipe 10 is connected to the large flow pipe 9. Addition- 
ally, a counter force pipe 1 1 is connected to a branch 
point C provided between the hydraulic pressure control 
valve 2 and the orifice 6 of the branch pipe 10. The 
counter force pipe 1 1 is connected to the hydraulic pres- 
sure counter force chamber 7. 

Additionally, a inside chamber pipe 12 is connected 
to a branch point D of the large flow pipe 9. The inside 
chamber pipe 12 is connected to an inside chamber 13 
which is formed in the interior of the counter force 
plunger 3. Accordingly, a part of the working oil flowing 
in the large flow pipe 9 is supplied to the inside chamber 
13 via the inside chamber pipe 12. 

As mentioned above, the working oil is supplied 
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inside the plunger 3. This is because if the inside cham- 
ber 13 is sealed and air exists therein, the air acts as a 
damper which results in deterioration of the operational 
characteristic of the counter force plunger 3. In this 
structure, if the working oil leaks to the inside chamber 

13 from a sliding position between the counter force 
plunger 3 and the hydraulic pressure counter force 
chamber 7, the inside chamber 13 may be filled with the 
leaked oil, and thereby the counter force plunger 3 may 
not operate normally. In order to prevent occurrence of 
these problems, the working oil is supplied to the inside 
chamber 13. 

The hydraulic control valve 2 is formed as a variable 
throttle valve, a degree of opening of the variable throttle 
valve being cpntrolled in response to vehicle speed. The 
amount of flow (pressure) of the working oil flowing from 
the branch point A to the hydraulic pressure counter 
force chamber 7 is determined by the degree of opening 
of the hydraulic pressure control, valve 2. Thus, the 
amount (pressure) of the working oil supplied to the 
hydraulic pressure counter force chamber 7 corre- 
sponds to the vehicle speed. 

The amount of working oil flowing to the hydraulic 
pressure counter force chamber 7 is also controlled by 
the orifice 6. That is, a part of the working oil flowing to 
the branch pipe 10 through the branch point A passes 
the orifice 6, and returns to the large flow pipe 9 through 
the junction B by the hydraulic pressure control valve 2 
being opened. Thus, by adjusting the opening of the ori- 
fice 6, the amount (pressure) of flow of the working oil 
flowing to the hydraulic pressure counter force chamber 
7 can be controlled. Thereby, the pressing force 
(hydraulic pressure counter force) exerted on the input 
member 14 by the counter force plunger 3 can be var- 
ied. 

In the power steering apparatus shown in FIG.1, 
the hydraulic pressure control valve 2 is closed when 
the vehicle is stopped or moving at a low speed so as to 
prevent generation of the hydraulic pressure counter 
force in the hydraulic pressure counter force chamber 7. 
Thus, the pressing force exerted on the input member 

1 4 by the counter force plunger 3 is decreased when the 
vehicle is stopped or moving at a low speed, resulting in 
a reduction in the steering effort. 

In this case, the pressure (hereinafter referred to as 
a counter force pressure Ph) in the hydraulic pressure 
counter force chamber 7 is equal to the pressure at the 
branch point C since the hydraulic pressure control 
valve 2 is closed. Additionally, since the pressure loss 
by the orifice 6 can be negligible, the pressure at the 
branch point C is equal to the pressure at the junction B. 
On the other hand, the inside pressure which is the 
pressure of the working oil at the branch point D. is 
equal to the pressure in the inside chamber 13. 

Now, reference is made to the relationship between 
the counter force pressure P H and the inside pressure 
Pr2. A pressure loss due to the flow resistance of the 
large flow pipe 9 from the branch point D to the junction 



B is referred to as P toss . The counter force pressure P H 
is represented as P H =P r2 -P (0SS . The pressure loss 
Pioss ' s proportional to the length of the pipe between 
the branch point D to the junction B. Additionally, the 

5 pressure loss P| 0SS is also proportional to the amount of 
flow of the working oil in the large flow pipe 9. 

As mentioned above, in a state where the hydraulic 
pressure control valve 2 is closed, the amount of flow in 
the large flow pipe 9 is large. Additionally, when the 

io length of the large f bw pipe 9 between the branch point 
D to the junction B is large, it is possible that a condition 
occurs in which the inside pressure is greater than 
the counter force pressure P H (Pr2> p H)- 

If the inside pressure P^ is greater than the counter 

75 force pressure P H as mentioned above, the counter 
force plunger 3 is urged from inside to outside by the 
working oil. Thus, the counter force plunger 3 is sepa- 
rated from the input member 14, resulting in a gap being 
formed between the counter force plunger 3 and the 

20 input member 1 4. Thus, when the working oil is supplied 
to the hydraulic pressure counter force chamber 7 
through the branch point A by the hydraulic pressure 
control valve being opened as the vehicle speed is 
increased, the counter force plunger .3 moves toward 

25 the input member 14, and finally collides with the input 
member 14. Accordingly, in the power steering appara- 
tus having the above-mentioned structure, there is a 
problem in that an irregular noise is generated when the 
vehicle speed is increased from a stopped state or a 

30 low-speed state, or a smooth steering operation cannot 
be achieved. 

In order to solve the above-mentioned problems, 
Japanese Patent Publication No.6-24947 suggests a 
power steering apparatus. FIG.3 shows a hydraulic cir- 

35 cuit of the above-mentioned Patent Publication. FIG.4 is 
a cross-sectional view of the power steering apparatus 
disclosed in the above-mentioned Patent Publication 
cut at a position where a counter force plunger is 
located. In FIGS.3 and 4, parts that are the same as the 

40 parts shown in FIGS.1 and 2 are given the same refer- 
ence numerals, and descriptions thereof will be omitted. 

The power steering apparatus shown in each figure 
features the orifice 6 provided between the branch pipe 
10 and the inside pipe 12 so as to bypass the counter 

45 force plunger 3. Specifically, as shown in FIG.4, a pas- 
sage is provided in the output member 1 5 so as to con- 
nect the hydraulic pressure counter force chamber 7 to 
the inside chamber 13. The orifice 6 is provided in the 
passage. 

so In this structure, if the inside pressure P^ is greater 
than the counter force pressure P H when the vehicle is 
stopped or moving at a low speed, the working oil in the 
inside chamber 13 flows into the hydraulic pressure 
counter force chamber 7 through the orifice 6. Thereby. 

55 the pressure P H in the hydraulic pressure counter force 
chamber 7 and the pressure P^ in the inside chamber 
13 are balanced. Thus, the counter force plunger 3 is 
prevented from being separated from the input member 



3 



<EP 091 8380 A2 I > 



5 



EP 0 818 380 A2 



6 



14. 

As mentioned above, the counter force plunger 3 
maintains contact with the input member 14 even when 
the vehicle is stopped or moving at a low speed by pro- 
viding the orifice 6 between the branch pipe 10 and the 
inside pipe 12. Thus, the counter force plunger 3 does 
not collide with the input member 14 when the working 
oil is supplied to the hydraulic pressure counter force 
chamber 7 by the hydraulic pressure control valve 2 
being opened due to an increase in the vehicle speed. 
Accordingly, generation of an irregular noise is pre- 
vented, and a smooth change in the steering effort can 
be achieved. 

The above-mentioned power steering apparatus is 
provided with the orifice 6 inside the output member 15 
as shown in FIG.4. In such a case where the orifice 6 is 
provided in a deep position of the power steering appa- 
ratus, there is a problem in that an adjusting operation of 
the orifice 6 cannot be easily performed. This problem 
will be described in detail below. 

As mentioned above, the amount of working oil sup- 
plied to the hydraulic pressure counter force chamber 7 
is also controlled by the orifice 6. Thus, in order to opti- 
mize the hydraulic pressure counter force generated in 
the hydraulic pressure counter force chamber 7, the 
amount of restriction by the orifice 6 must be adjusted to 
a suitable value. Additionally, the adjusting operation of 
the orifice 6 is preferred to be performed while the ori- 
fice 6 is assembled in the power steering apparatus so 
that assembling tolerances are absorbed. 

However, in the structure in which the orifice 6 is 
provided in a part of the output member 1 5, which is 
deep inside the power steering apparatus, the power 
steering apparatus must be disassembled so as to take 
out the orifice 6 when the orifice 6 does not function to 
provide a desired performance if the adjusting operation 
is performed in the assembled state of the apparatus. 
The disassembly operation requires a great effort since 
most of the component parts constituting the power 
steering apparatus are disassembled. Thus, in the 
power steering apparatus in which the orifice 6 is pro- 
vided inside the output member 15, the adjusting oper- 
ation is complex and inconvenient. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to pro- 
vide an improved and useful power steering apparatus 
in which the above-mentioned problems are eliminated. 

A more specific object of the present invention is to 
provide a power steering apparatus in which an adjust- 
ing operation for an orifice, which is provide to optimize 
a steering characteristic, can be easily performed. 

In order to achieve the above-mentioned object, 
there is provided according to the present invention a 
power steering apparatus comprising: 

a rotary control valve, provided in a valve housing, 



including an input member and an output member 
connected to each other by a torsion bar, the rotary 
control valve controlling an amount of working oil to 
be supplied to a power assist cylinder in response 
5 to relative rotation between the input member and 
the output member; 

a counter force mechanism, provided in the rotary 
control valve, including a counter force plunger, a 
hydraulic pressure counter force chamber located 

10 on an outer side of the counter force plunger and an 
inside chamber located on an inner side of the 
counter force plunger, the counter force mechanism 
providing a counter force to the input member by a 
pressure difference between a pressure of the 

15 working oil in the hydraulic pressure counter force 
chamber and a pressure of the working oil in the 
inside chamber; 

a hydraulic pressure control valve attached to the 
rotary control valve, the hydraulic control valve 
20 including a counter force mechanism port through 
which the working oil is supplied to the counter 
force mechanism; and 

a connection passage connecting between the 
inside chamber and the counter force mechanism 
25 port. 

According to the above-mentioned invention, the 
rotary control valve controls the amount of working oil to 
be supplied to the power assist cylinder in response to 

30 the relative rotation between the input member and the 
output member. That is, the rotary control valve selec- 
tively supplies the working oil to a right cylinder cham- 
ber or a left cylinder chamber of the power assist 
cylinder in response to the direction of rotation of the 

35 input member connected to a steering wheel. The work- 
ing oil supplied to the power assist cylinder generates a 
steering assist power. The rotary control valve is pro- 
vided in the valve housing. 

The counter force mechanism includes the counter 

40 force plunger, the hydraulic pressure counter force 
chamber and the inside chamber. The counter force 
plunger provides a counter force to the input member 
when the pressurized working oil is supplied to the 
hydraulic pressure counter force chamber which is 

45 located on the outer side of the counter force plunger. 

The hydraulic pressure control valve is attached to 
the valve housing of the rotary control valve, and 
includes the counter force mechanism port through 
which the working oil is supplied to the hydraulic pres- 

50 sure counter force chamber. 

In the above-mentioned structure, the hydraulic 
pressure counter force chamber is connected to the 
inside chamber located on the inner side of the counter 
force plunger by the connection passage which con- 

55 nects the hydraulic pressure counter force chamber to 
the counter force mechanism port. Thus, if a pressure in 
the inside chamber exceeds the pressure in the hydrau- 
lic pressure counter force chamber when the vehicle is 
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stopped or moving at a low speed, the working oil in the 
inside chamber flows into the hydraulic pressure coun- 
ter force chamber through the connection passage. 
Thereby, the pressure in the inside chamber and the 
pressure in the hydraulic pressure counter force cham- 5 
ber are balanced which causes the counter force 
plunger to always maintain contact with the input mem- 
ber. Thus, the Conner force plunger is prevented from 
colliding with the input member when a highly pressu- 
rized working oil is provided to the hydraulic pressure %o 
counter force chamber. This results in prevention of 
generation of irregular noise due to the collision of the 
counter force plunger with the input member. Addition- 
ally, a smooth change in the heaviness of the steering 
effort can be achieved. 15 

Additionally, the connection passage may include a 
first connection port and a second connection port, the 
first connection port formed in the valve housing, the 
second connection port formed in the hydraulic pres- 
sure control valve. 20 

According to this invention, the pressure loss pro- 
vided by the connection passage can be controlled by 
adjusting the second connection port which is provided 
in the hydraulic pressure control valve. Since the 
hydraulic pressure control valve is attached to the rotary 25 
control valve, the adjustment work can be performed 
while the hydraulic pressure control valve including the 
second connection port is separated from the rotary 
control valve. This achieves an easy adjustment of the 
pressure loss provided between the inside chamber and 30 
the hydraulic pressure counter force chamber. Addition- 
ally, an adjustment of hydraulic characteristics of the 
hydraulic pressure control valve including the connec- 
tion passage can be performed by the hydraulic pres- 
sure control valve alone. 35 

In one embodiment according to the present inven- 
tion, an orifice may be provided to the second connec- 
tion port. The orifice provides a predetermined pressure 
loss between the inside chamber and the hydraulic 
pressure counter force chamber. 40 

Alternatively, a predetermined flow resistance may 
be provided to the second connection port so as to pro- 
vide a predetermined pressure loss between the inside 
chamber and the hydraulic pressure counter force 
chamber. 45 

A predetermined flow resistance may be provided 
to the connection passage so as to restrict a flow of the 
working oil from the inside chamber to the counter force 
mechanism port. 

Additionally, in the power steering apparatus so 
according to the present invention, the connection pas- 
sage may include a passage located between the inside 
chamber and an inner wall of the valve housing so as to 
leads the pressure of the working oil in the inside cham- 
ber to an inner side of the valve housing. 55 

The connection passage may further include a first 
connection port and a second connection port, the first 
connection port formed in the valve housing and con- 



nected to the passage, the second connection port 
formed in the hydraulic pressure control valve. 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a hydraulic circuit diagram of a conven- 
tional power steering apparatus; 
FIG.2 is a cross-sectional view of the power steer- 
ing apparatus shown in FIG.1; 
FIG.3 is a hydraulic circuit diagram of another con- 
ventional power steering apparatus; 
FIG.4 is a cross-sectional view of the power steer- 
ing apparatus shown in FIG.3; 
FIG. 5 is a cross-sectional view of a power steering 
apparatus according to an embodiment of the 
present invention; 

FIG.6 is a cross-sectional view of a pressure control 
valve provided in the power steering apparatus 
shown in FIG.5; 

FIG.7A is a cross-sectional view taken along a line 

VII- VII of FIG.5 in a state where a counter force 
plunger is not operated; FIG.7B is a cross-sectional 
view taken along the line VII-VII of FIG.5 in a state 
where the counter force plunger is operated; and r 
FIG.8 is a cross-sectional view taken along a line 

VIII- VIII of FIG.5. 

DETAILED DESCRIPTION OF THE PREFERRED : 
EMBODIMENT 

A description will now be given, with reference to 
the figures, of an embodiment of the present invention. 

FIG.5 shows a power steering apparatus 20 
according to an embodiment of the present invention. 
The power steering apparatus 20 comprises a rotary 
control valve 21, a counter force mechanism 22, a 
hydraulic control valve 23 and a power cylinder 24. 

First, a description will be given of the rotary control 
valve 21 included in the power steering apparatus 20. 
The rotary control valve 21 comprises a valve shaft 
(input member) 25 which is connected to a steering 
wheel, a torsion bar 26 which is inserted into the valve 
shaft 25, a pinion shaft (output member) 27 which is 
connected to the valve shaft 27 via the torsion bar 26 
and a valve body 29 which is integral with the pinion 
shaft 27 via a pin 28. 

The valve shaft 25 is supported by a valve housing 
31 via a bearing 30, and is rotatably supported by the 
pinion shaft 27 via a bushing 32a which also functions 
as an oil seal. Thereby, the valve shaft 25 is rotatably 
supported within the pinion shaft 27 and the valve hous- 
ing 31. 

An upper end of the torsion bar 26 is connected to 
the valve shaft via a pin 32. a lower end of the torsion 
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bar 26 is connected to the pinion shaft via a pin 33. The 
torsion bar 26 is distorted (twisted) by a steering torque 
being applied to the valve shaft 25 from a steering 
wheel as described later. Thereby, a relative dislocation 
occurs between the valve shaft 25 and the pinion shaft 
27. 

The pinion shaft 27 is rotatably supported by a rack 
housing (not shown in the figure) provided in a lower 
part of the valve housing 31 . Additionally, a pinion 34 is 
formed on a lower part of the pinion shaft 27. The pinion 
34 engages a rack 36 formed on a rack bar 35. Wheels 
to be steered are connected to the opposite ends of the 
rack bar 35 so that the direction of the steering wheels 
is changed and thus the steering operation is performed 
by the rack bar 35 being moved along a straight line. 

In the above-mentioned structure, when the steer- 
ing wheel is operated to input a rotational force (steering 
torque) to the valve shaft 25, the steering torque is 
transmitted to the pinion shaft 27 via the torsion bar 26. 
The rack bar 35 is selectively moved in the right steering 
direction or the left steering direction by the rotation of 
the pinion shaft 27 so as to achieve a steering opera- 
tion. 

A plurality of flow paths 42-44 are formed in prede- 
termined directions of the valve body 29 so that the 
working oil flows therethrough. An inlet port 37, an out- 
let port 38. a right steering port 39 and a left steering 
port 40 are formed in the valve housing 31 to connect to 
the flow paths 42-44. Additionally, an oil passage groove 
41 is formed in the valve shaft 25 at a position where the 
valve shaft 25 is opposite to an inner part of the valve 
body 20 so that the oil passage groove 41 is connected 
to the flow paths 42 and 43. 

The inlet port 37 is connected to a supply side large 
flow pipe (hereinafter referred to as a supply pipe) 46. 
The supply pipe 46 is connected to an oil pump 47. The 
oil pump 47 suctions working oil from a reservoir 48 
which stores the working oil, and pressurizes and deliv- 
ers the working oil to the supply pipe 46. Thus, the work- 
ing oil delivered from the oil pump 47 is supplied to the 
rotary control valve 21 via the supply pipe 46 and the 
inlet port 37. 

The outlet port 38 is connected to a discharge side 
large flow pipe (hereinafter referred to as a discharge 
pipe) 49 which is formed in a housing 45 of the hydraulic 
pressure control valve 23. The discharge pipe 49 is con- 
nected to the reservoir tank 48. Thus, the working oil 
which is no longer needed by the rotary control valve 21 
is discharged to the reservoir tank 48 via the outlet port 
38 and the discharge pipe 49. 

The right steering port 39 and the left steering port 
40 are connected, via pipes 50 and 51 , to the power cyl- 
inder 24 which performs a power assist for the rack bar 
35. The right steering port 39 is connected to a right 
assist cylinder chamber 52 of the power cylinder, and 
the left steering port 40 is connected to a left assist cyl- 
inder chamber 53 of the power cylinder. 

In the above-mentioned structure, when the steer- 



ing wheel is operated and a rotational force (rotational 
torque) is transmitted to the valve shaft 25 which is the 
input member, the torsion bar 26 is twisted in response 
to the magnitude of the rotational torque which results in 

s generation of a relative displacement between the valve 
shaft 25 and the valve body 29 (pinion shaft 27). When 
the relative displacement is generated between the 
valve shaft 25 and the valve body due to the distortion of 
the torsion bar 26, the valve shaft 25 rotate s further by 

io the amount of distortion. Thus, the valve shot 25 is dis- 
placed in the right direction or the left direction relative 
to the valve body 29 with respect to the state (neutral 
state) where the rotational torque is not input. 

In this neutral state, the degree of connection of the 

is oil passage groove 41 formed in the valve shaft 25 to 
one of the passage 42 connected to the right steering 
port 39 and passage 43 connected to the left steering 
port 40 is varied in response to the direction of rotation 
of the steering wheel. Specifically, when the steering 

20 wheel is at the neutral position, the same pressure is 
applied to the inlet port 37 and the ports 39 and 40. The 
supplied working oil is discharged to the reservoir tank 
48 via the outlet port 38. 

When the steering wheel is rotated to the right 

25 direction, the degree of connection between the inlet 
port 37 and the right steering port 39 is increased due to 
the relative displacement generated between the valve 
shaft 25 and the valve body 29. Accordingly, the working 
oil is supplied to the right assist cylinder chamber 52 of 

30 the power cylinder 24 so that the rack bar 35 is power 
assisted in the right steering direction. Additionally, the 
working oil in the left assist cylinder chamber 53 is dis- 
charged from the outlet port 38 to the reservoir tank 48 
via the left steering port 40. 

35 On the other hand, when the steering wheel is 
rotated to tha left direction, the degree of connection 
between the inlet port 37 and the left steering port 40 is 
increased. Accordingly, the working oil is supplied to the 
left assist cylinder cnamber 53 of the power cylinder 24 

40 so that the rack bar 35 is power assisted in the left steer- 
ing direction. Additionally, the working oil in the right 
assist cylinder chamber 52 is discharged from the outlet 
port 38 to the reservoir tank 48 via the right steering port 
39. 

45 By performing the above-mentioned operations, the 
rack bar 35 is power assisted in the right direction by the 
power cylinder 24 when the steering wheel is turned in 
the right steering direction, and is power assisted in the 
left direction when the steering wheel is turned in the left 

so direction. Thus, an operation of the steering wheel is 
performed with a small steering effort. 

If only the above-mentioned rotary control valve 21 
is provided to the power steering apparatus, the power 
assist is achieved in the steering direction, but a steer- 

55 ing effort which is responsive to vehicle speed cannot 
be obtained. As mentioned above, a small steering 
effort is preferable when the vehicle is stopped or mov- 
ing at a low speed, and, on the other hand, a relatively 
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heavy steering effort is preferred when the vehicle is 
moving at a high speed so as to improve straight line 
stability. In order to control heaviness of the steering 
effort, the counter force mechanism 22 and the hydrau- 
lic pressure control valve 23 are provided to the power 5 
steering apparatus 20 so as to provide a counter force 
to the relative rotation of the rotary control valve 21 in 
response to the speed of the vehicle. 

A description will now be given, with reference to 
FIGS.7A, 7B and 8 in addition to FIG.5, of the counter 
force mechanism. FIGS.7A and 7B are cross-sectional 
views taken along a line VII-VII of FIG.5. FIG.8 is a 
cross-sectional view taken along a line VMI-VIII of FIG.5. 

The counter force mechanism 22 is provided to the 
pinion shaft 27, and comprises protruding portions 55, a 
hydraulic pressure counter force chamber 56, counter 
force plungers 57a-57d and inside chambers 58. The 
protruding portions 55 are Integrally formed with the 
valve shaft 25 on the pinion shaft 27 side and near the 
end thereof. The protruding members 55 protrude in 
radial directions from the opposite sides of a shaft por- 
tion of the valve shaft 25 as shown in FIGS.7A and 7B. 
The pinion shaft 27 is formed with the inside chambers 
58 in which the respective protruding portions 55 are 
inserted. The protruding portions 55 are rotatable about 
the axis of the valve shaft 25 within the inside chambers 
58 by a few degrees. 

Insertion openings 59a-59d are formed in the pin- 
ion shaft 27. The counter force plungers 57a-57d are 
inserted into the insertion openings 59a-59d, respec- 
tively. Additionally, the hydraulic pressure counter force 
chamber 56 is formed between the outer side of the 
counter force plungers 57a-57d and the valve housing 
31 . The inner side of the counter force plunger 57a-57d 
is positioned in the inside chamber 58 so as to face the 
protruding portions. That is, the inner end of each of the 
counter force plungers 57a-57d faces the inside cham- 
ber 58, and the outer end of each of the plungers faces 
the hydraulic pressure counter force chamber 56. 

It should be noted that the counter force plungers 
57a-57d sealingly slide within the respective insertion 
openings 59a-59d. Thus. The hydraulic pressure coun- 
ter force chamber 56 and the inside chamber 58 are 
sealingly separated from each other. 

On the other hand, the hydraulic pressure counter 
force chamber 56 is connected to a counter force port 

60 formed in the valve housing 31 . The counter force 
port 60 is connected to a counter force mechanism port 

61 via a counter force pipe 67 formed in the housing 45 
of the hydraulic pressure control valve 23. Accordingly, 
when the working oil is supplied from the hydraulic pres- 
sure control valve 23 to the hydraulic pressure counter 
force chamber 56 via the counter force mechanism port 
61 , the counter force pipe 67 and the counter force port 
60, the pressure in the hydraulic pressure counter force 
chamber 56 is increased. Thus, the counter force plung- 
ers 57a-57d move in directions (inward directions) as 
indicated by arrows in FIG.7A. Thereby, the protruding 



portions 55 are held by the counter force plungers 57a- 
57d. Thus, the hydraulic pressure counter force can be 
provided by the relative rotation between the valve shaft 
25 and the pinion shaft 27. 

Accordingly, when the valve shaft 25 is in the neu- 
tral position as shown in FIG.7A, a high degree of neu- 
tral stability can be realized. Additionally, when the 
steering wheel is operated and the valve shaft 25 is 
rotated, the protruding portions 55 press the selected 
counter force plungers 57a-57d (in the figure, the coun- 
ter force plungers 57a and 57c are pressed) so as to 
provide a hydraulic pressure counter force in the direc- 
tion in which the rotation of the protruding portions 55 
are prevented. Thus, the necessary steering effort can 
be increased. 

As mentioned above, the heaviness of the steering 
operation must be controlled in response to the speed 
of the vehicle. Specifically, the necessary steering effort 
must be increased when the speed of the vehicle is 
high. That is, when the speed of the vehicle is high, the 
working oil must be supplied to the hydraulic pressure 
counter force chamber 56. The supply of the working oil 
to the hydraulic pressure counter force chamber 56 is 
controlled by the hydraulic pressure control valve 23. 

. A description will, now be given, with reference to 
FIG.6 in addition to FIG.5. of the hydraulic pressure 
control valve 23. The hydraulic pressure control valve 
23 is detachable to the rotary control valve 21 . and com- 
prises the housing 45, a solenoid 62. a spool 63 and a 
relief valve 64. 

The solenoid 62 is connected to an ECU (electronic 
control unit) which is not shown in the figures so that 
operation of the solenoid is controlled by the ECU. Addi- 
tionally, a spool 63 is connected to the operational shaft 

65 of the solenoid 62 so that the spool 63 is moved in 
directions along a straight line extending between the 
left side and the right side in FIG.6 by controlling.the 
operation of the solenoid 62. Additionally, the housing 

45 is formed with the above-mentioned supply pipe 46, 
discharge pipe 49, counter force mechanism port 61 
and counter force pipe 67. Further, the counter force 
mechanism port 61 is provided with an adjustment pipe 

66 connected to a relief valve 64. 

As mentioned above, the supply pipe 46 is con- 
nected to the inlet port 37 of the rotary control valve 21 . 
Thus, a large part of the working oil from the hydraulic 
pump 47 flows into the inlet port 37. A branch port 68 is 
formed in the supply pipe 46, and the branch port 68 is 
connected to the spool 63. Additionally, the supply pipe 

46 and the counter force mechanism port 61 are con- 
nected when the solenoid valve is operated to move the 
spool 63. Accordingly, by connecting the supply pipe 46 
and the counter force mechanism port 61, a part of the 
working oil delivered from the hydraulic pump 47 is sup- 
plied to the counter force mechanism port 61 . 

The above-mentioned solenoid 62 is controlled by 
the ECU to which information regarding speed of the 
vehicle is provided. Thus, the ECU operates the sole- 
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noid 62 based on the information regarding speed of the 
vehicle so as to control the opening degree of the 
hydraulic pressure control valve 23 so that the supply 
pipe 46 and the counter force mechanism port 61 are 
connected to each other. Thereby, the highly pressu- 
rized working oil flowing in the supply pipe 46 is sup- 
plied to the hydraulic pressure counter chamber 56 via 
the branch port 68, the spool 63, the counter force 
mechanism port 61 , the counter force pipe 67 and the 
counter force port 60. 

Accordingly, the counter force plungers 57a-57d 
press the protruding portions 55 of the valve shaft 25 by 
the highly pressurized working oil supplied to the 
hydraulic pressure counter force 56. Thereby, the 
hydraulic pressure counter force can be provided to the 
relative rotation between the valve shaft 25 and the pin- 
ion shaft 27. 

It should be noted that when the speed of the vehi- 
cle is low, the ECU operates the solenoid 62 so as to 
close the counter force mechanism port 61 . Thereby, 
the highly pressurized working oil flowing in the supply 
pipe 46 is not supplied to the hydraulic pressure counter 
force chamber 56, and thus the pressing force exerted 
on the counter force plungers 57a-57d by the protruding 
portions 55 is released. Thus, the hydraulic pressure 
counter is not provided to the relative rotation between 
the valve shaft 25 and the pinion shaft 27. Thus, a light 
steering wheel operation can be achieved when the 
vehicle is stopped or moving at a low speed. 

On the other hand, the relief valve 64 operates 
when the pressure in the adjustment pipe 66 exceeds a 
predetermined value so as to provided a function to 
connect the adjustment pipe 66 to the discharge pipe 
49. Thereby, even when there is fluctuation in the pres- 
sure of the working oil supplied from the hydraulic pump 
47, the pressure inside the counter force mechanism 
chamber 56 can be stabilized, resulting in stabilization 
of the operation of the counter force mechanism 22. It 
should be noted that reference numerals 69a-69c indi- 
cates mounting holes provided for mounting the hydrau- 
lic pressure control valve 23 to the housing 31 of the 
rotary control valve 21 . 

A description will now be given, with reference to 
FIG.5, 7A, 7B and 8, of the inside chamber 58 which 
constitutes the counter force mechanism 22. 

A mentioned above, the inside chamber is formed 
in a position where the protruding portion 55 of the pin- 
ion shaft 27 is provided, that is, an inner position of the 
counter force plungers 57a-57d. An inside chamber port 
70 is formed in the inside chamber 58, and the inside 
chamber port 70 is connected to the discharge pipe 49. 
That is, the working oil is supplied to the inside chamber 
58 which is located on the inner side of the counter force 
plungers 57a-57d. 

Additionally, a connection groove 71 is formed in 
the pinion shaft 27. An lower end of the connection 
groove 71 is connected to the inside chamber 58. The 
connection groove 71 extends upwardly along the valve 
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shaft 25. The upper end of the connection groove 71 is 
connected to an annular passage 72. 

The annular passage 72 is a space formed 
between the upper end surface of the pinion shaft 27 

5 and the valve housing 31. The annular passage 72 is 
formed in a generally annular shape to encircle the 
valve shaft 25 as shown in FIG.8. Since the inside 
chamber 58 is connected to the annular passage 72 via 
the connection groove 71 as mentioned above, the 

10 working oil supplied to the inside chamber 58 passes 
through the connection groove 71 and is supplied to the 
annular passage 72. Additionally a first connection port 
73 is formed in the valve housing 31 . The first connec- 
tion port 73 is connected to the annular passage 72. 

75 Accordingly, the inside chamber 58 is extended to an 
outer surface of the valve housing 31 by the above-men- 
tioned connection groove 71 , annular passage 72 and 
first connection port 73. 

Additionally, a second connection port 74 is formed 

20 in the housing 45 at a position corresponding to the first 
connection port 73. Accordingly, in a state where the 
hydraulic pressure control valve 23 is assembled to the 
rotary control valve 21 , the first and second connection 
ports 73 and 74 are connected to each other so as to 

25 form a connection passage 75. The present invention 
features an orifice 80 provided in the connection pas- 
sage 75. Particularly, in the present embodiment, the 
orifice 80 is provided to the second connection port 74 
formed on the side of the hydraulic pressure control 

30 valve 23. 

The first connection port 73 is connected to the 
inside chamber 58 via the annular passage 72 and the 
connection groove 71 . The second connection port 74 is 
connected to the hydraulic pressure counter force 

35 chamber 56 via the counter force mechanism port 61, 
the counter force pipe 67 and the counter force port 60. 
Accordingly, the hydraulic pressure counter force cham- 
ber 56 is connected to the inside chamber 58 via the ori- 
fice 80. 

40 Additionally, since oil seals are provided at lower 
and upper ends of the pinion shaft where the hydraulic 
pressure counter force chamber 56 is formed, the work- 
ing oil in the hydraulic pressure counter force chamber 
56 is sealingly separated from the working oil in the 

45 inside chamber 58, the connection groove 71 and the 
annular passage 72. Accordingly, the hydraulic pres- 
sure counter force chamber 56 is connected to the 
inside chamber 58 only by the orifice 80. 

A description will now be given of a relationship 

so between a pressure P H (hereinafter referred to as a 
counter force pressure) which is applied to the hydraulic 
pressure counter force chamber 56 and a pressure 
(hereinafter referred to as an inside pressure) which is 
applied to the inside chamber 58. In the power steering 

55 apparatus shown in FIG.5. parts provided with the coun- 
ter force pressure P H are illustrated as dark dotted 
areas, and the parts provided with the inside pressure 
Pr2 are illustrated as fight dotted areas. 
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It is assumed that the vehicle is stopped or moving 
at a low speed and, thus, the supply of working oil from 
the hydraulic pump 47 to the counter force mechanism 
22 is stopped due to the hydraulic pressure control 
valve 23 being closed. In the state where the working oil 5 
is not supplied to the counter force mechanism 22, it is 
possible that the inside pressure in the inside cham- 
ber 58 exceeds the counter force pressure P H in the 
hydraulic pressure counter force chamber 56 (Pr2> p H)- 

However, in the power steering apparatus 20 io 
according to the present embodiment, since the con- 
nection port 75, which is provided with the orifice 80, 
connects the inside chamber 58 to the hydraulic pres- 
sure counter force chamber 56, the working oil in the 
inside chamber 58 passes through the orifice 80 and is 
enters the hydraulic pressure counter force chamber 56. 
Thereby, the counter force pressure Ph in the hydraulic 
pressure counter force chamber 56 can be balanced 
with the inside pressure P^ in the inside chamber 58 
( P H" p r2)- Thus, the counter force plungers 57a-57d 20 
are prevented from being separated from the protruding 
portions 55. 

Accordingly, if the speed of the vehicle is increased 
from the stopped state or the low speed state and highly 
pressurized working oil is supplied to the hydraulic pres- 25 
sure counter force chamber 56 by the hydraulic pres- 
sure control valve 23 being opened, the counter force 
plungers 57a-57d do not collide with the protruding por- 
tions 55. Thus, generation of an irregular noise can be 
prevented, and a smooth change in the steering effort 30 
can be achieved. 

Additionally, since the hydraulic pressure control 
valve 23 and the rotary control valve 21 are separated 
from each other, the connection passage 75, which con- 
nects the inside chamber 58 provided in the rotary con- 35 
trol valve 21 to the counter force mechanism port 61 
provided in the hydraulic pressure control valve 23, is 
extended from the rotary control valve 21 toward the 
hydraulic pressure control valve 23. Further, since the 
orifice 80 can be provided at any position along the con- 40 
nection passage 75, there is a degree of freedom in the 
positioning of the orifice 80. Thus, the orifice 80 may be 
provided at a position where the adjustment operation is 
easily performed. That is, the orifice 80 can be easily 
adjusted so that an optimum steering characteristic is 45 
achieve. 

Additionally, in the present embodiment, since the 
orifice 80 is provided to the second connection port 74 
(connection passage 75) which is formed in the housing 
45 of the hydraulic pressure control valve 23, the so 
hydraulic pressure control valve 23 can be removed 
from the rotary control valve 21 so as to perform the 
adjustment of the hydraulic characteristics including the 
orifice 80 by the hydraulic pressure control valve 23 
alone. Thus, by providing the orifice 80 on the side of ss 
the hydraulic pressure control valve 23, the adjusting 
operation of the hydraulic pressure valve 23 and the ori- 
fice 80 can be easily performed. 



It should be noted that although the rotation of the 
protruding portions 55 is limited by. the counter force 
plungers 57a-57d provided on the opposite sides of the 
protruding portions 55 as the counter force mechanism, 
the construction of the counter force mechanism is not 
limited to this structure. For example, a radial system in 
which a plunger is pressed in a. radial direction, or a ' 
thrust system in which a plunger is pressed in an axial 
direction may be used. 

The present invention is not limited to the specifi- 
cally disclosed embodiments, and variations and modi- 
fications may be made without departing from the 
present invention. 

A power steering apparatus in which an adjusting 
operation for an orifice (80), which is provide to optimize 
a steering characteristic, can be easily performed. A 
rotary control valve (23) controls an amount of working 
oil to be supplied to a power assist cylinder (24) in 
response to a relative rotation between an input mem- 
ber (25) and an output member (27). A counter force 
mechanism (22), provided in the rotary control valve, 
includes a counter force plunger (57a-57d), a hydraulic 
pressure counter force chamber (56) located on an 
outer side of the counter force plunger and an inside 
chamber (58) located on an inner side of the counter 
force plunger. The counter force mechanism (22) pro- 
vides a counter force to the input member (25) by a 
pressure difference between a pressure of the working 
oil in the hydraulic pressure counter force chamber (56) 
and a pressure of the working oil in the inside chamber 
(58). A hydraulic pressure control valve (23) is attached 
to the rotary control valve. The hydraulic pressure con- 
trol valve includes a counter force mechanism port (61) 
through which the working oil is supplied to the counter 
force mechanism (22). A connection passage (75) con- 
nects between the inside chamber and the counter 
force mechanism port. The orifice (80) is provided4o a 
part (74) of a connection passage (75) located in the 
hydraulic pressure control valve (23). 

Claims 

1. A power steering apparatus comprising: 

a rotary control valve (21), provided in a valve 
housing (31), including an input member (25) 
and an output member (27) connected to each 
other by a torsion bar (26), said rotary control 
valve (21) controlling an amount of working oil 
to be supplied to a power assist cylinder (24) in 
response to relative rotation between said input 
member (25) and said output member (27); 
a counter force mechanism (22), provided in 
said rotary control valve (21), including a coun- 
ter force plunger (57a-57d), a hydraulic pres- 
sure counter force chamber (56) located on an 
outer side of said counter force plunger (57a- 
57d) and an inside chamber (58) located on an 
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inner side of said counter force plunger (57a- 
57d), said counter force mechanism (22) pro- 
viding a counter force to said input member 
(25) by a pressure difference between a pres- 
sure of the working oil in said hydraulic pres- 5 
sure counter force chamber (56) and a 
pressure of the working oil in said inside cham- 
ber; and 

a hydraulic pressure control valve (23) 
attached to said rotary control valve (21), said 10 
hydraulic control valve (23) including a counter 
force mechanism port (61) through which the 
working oil is supplied to said counter force 
mechanism (22), 

characterized in that: is 
a connection passage (75) connects between 
said inside chamber (58) and said counter 
force mechanism port (61). 

2. The power steering apparatus as claimed in claim 20 

1, characterized in that said connection passage 
(75) includes a first connection port (73) and a sec- 
ond connection port (74), said first connection port 

(73) formed in said valve housing (31), said second 
connection port (74) formed in said hydraulic pres- 25 
sure control valve (23). 

3. The power steering apparatus as claimed in claim 

2, characterized in that an orifice (80) is provided to 
said second connection port (74). 30 

4. The power steering apparatus as claimed in claim 
2, characterized in that a predetermined flow resist- 
ance is provided to said second connection port 

(74) . 35 

5. The power steering apparatus as claimed in claim 
1 , characterized in that a predetermined flow resist- 
ance is provided to said connection passage (75) 

so as to restrict a flow of the working oil from said 40 
inside chamber (58) to said counter force mecha- 
nism port (56). 

6. The power steering apparatus as claimed in claim 

1, characterized in that said connection passage 45 

(75) includes a passage (71, 72) located between 
said inside chamber (58) and an inner wall of said 
valve housing (31) so as to leads the pressure of 
the working oil in said inside chamber (58) to an 
inner side of said valve housing (31). so 

7. The power steering apparatus as claimed in claim 
6, characterized in that said connection passage 
(75) further includes a first connection port (73) and 

a second connection port (74), said first connection ss 
port formed in said valve housing and connected to 
said passage (72), said second connection port 
formed in said hydraulic pressure control valve (23). 
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(54) Power steering apparatus having an easily adjustable counter force mechanism 



(57) A power steering apparatus in which an adjust- 
ing operation for an orifice (80), which is provide to opti- 
mize a steering characteristic, can be easily performed. 
A rotary control valve (21) controls an amount of work- 
ing oil to be supplied to a power assist cylinder (24) in 
response to a relative rotation between an input mem- 
ber (25) and an output member (27). A counter force 
mechanism (22), provided in the rotary control valve, 
includes a counter force plunger (57a-57d), a hydraulic 
pressure counter force chamber (56) located on an 
outer side of the counter force plunger and an inside 
chamber (58) located on an inner side of the counter 
force plunger. The counter force mechanism (22) pro- 
vides a counter force to the input member (25) by a 
pressure difference between a pressure of the working 
oil in the hydraulic pressure counter force chamber (56) 
and a pressure of the working oil in the inside chamber 

(58) . A hydraulic pressure control valve (23) is attached 
to the rotary control valve. The hydraulic pressure con- 
trol valve includes a counter force mechanism port (61) 
through which the working oil is supplied to the counter 
force mechanism (22). A connection passage (75) con- 
nects between the inside chamber and the counter 
force mechanism port. The orifice (80) is provided to a 
part (74) of a connection passage (75) located in the 
hydraulic pressure control valve (23). 
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